Two helical-shaped bacteria (strains JC133 T and JC143), which stain Gram-negative, were isolated from an alkaline soda lake, Lonar, India. Both strains were obligate anaerobes, mesophilic and required halo-alkaline conditions for growth. Both strains were resistant to rifampicin and kanamycin, but sensitive to gentamicin, tetracycline, ampicillin and chloramphenicol. 
respectively, and the two strains showed DNA reassociation .85 % (based on DNA-DNA hybridization). Based on the 16S rRNA gene sequence analysis, both strains were identified as belonging to the genus Spirochaeta with Spirochaeta alkalica Z-7491 T (99.6 % sequence similarity), Spirochaeta americana ASpG1 T (99 %) and other members of the genus Spirochaeta The genus Spirochaeta represents free-living, saccharolytic, obligate or facultative anaerobic, helical shaped bacteria (Paster, 2010) . Members of the genus Spirochaeta are widely distributed (Canale-Parola, 1992) in aquatic habitats (Breznak & Canale-Parola, 1975) , freshwater mud (CanaleParola, 1980) , marine mud (Hespell & Canale-Parola, 1970; Harwood & Canale-Parola, 1983) , oilfields (Magot et al., 1997) , microbial mats (Teal et al., 1996; Breznak & Warnecke, 2008) , termite hindgut (Dröge et al., 2006) and alkaline hypersaline sediments/lakes (Zhilina et al., 1996; Pikuta et al., 2009; Dubinina et al., 2011) . Seven [Spirochaeta alkalica, Spirochaeta africana, Spirochaeta asiatica (Zhilina et al., 1996) , Spirochaeta americana (Hoover et al., 2003) , Spirochaeta dissipatitropha (Pikuta et al., 2009) , Spirochaeta halophila (Greenberg & Canale-Parola, 1976) and Spirochaeta perfilievii (Dubinina et al., 2011) ] out of 19 species reported to date in the genus Spirochaeta (http://www.bacterio.cict.fr/s/ spirochaeta.html) represent halophilic members. In this paper, we describe halo-alkaliphilic strains of the genus Spirochaeta isolated from a soda lake, Lonar, India.
Strain JC133 T and JC143 were isolated from a sediment sample collected from Lonar lake (Latitude 19 u 589, Longitude 76 u 369) after performing an enrichment in an alkaline medium II (Zhilina & Zavarzin, 1994) containing (g l 21 ) NaHCO 3 (15); Na 2 CO 3 (10); NaCl (10); MgCl 2 . 6H 2 O (0.2) and starch (5). Isolation and pure culture maintenance were done in an alkaline basic medium (Zhilina et al., 1996) under strict anaerobic conditions and subjected to a polyphasic analysis. The composition of the alkaline basic medium was as follows (g l 21 ): Na 2 CO 3 (2); NaHCO 3 (4.5); NaCl (48) )]] and 10 ml vitamin solution (Wolin et al., 1963) . Autoclaved Na 2 S . 9H 2 O (0.5 g l 21 ) was added separately after sterilization. Final pH of the medium was 9-9.5. Pure cultures were obtained by periodic transfers (dilution up to extinction; three to five cells ml 21 ) in serum vial bottles containing alkaline basic medium under strictly anaerobic conditions. Pure cultures were preserved by routine transfer into fresh medium.
Genomic DNA was extracted and purified according to the method of Marmur (1961) and the G+C contents of the DNA of strains JC133
T and JC143 were 58.2 and 58.5 mol%, respectively, as determined by HPLC (Mesbah et al., 1989) . The almost-complete 16S rRNA gene sequences of both strains (JC133 T and JC143) were obtained by PCR and subsequent sequencing with primers, F9-8 (59-AGAGT-TTGATCCTGGCTCAG-39) and R9-1525 (59-AGAAAGG-AGGTGATCCAGCC-39) as described previously (Venkata Ramana et al., 2012) . Identification of phylogenetic neighbours and calculation of pair-wise 16S rRNA gene sequence similarity were achieved using the NCBI-BLAST search (Altschul et al., 1990) and EzTaxon-e server (Kim et al., 2012) . The CLUSTAL W algorithm of MEGA5 (Tamura et al., 2011) was used for sequence alignments and the phylogenetic analysis of the individual sequences was performed using MEGA5. Distances were calculated by using the Kimura correction in a pair-wise deletion manner (Kimura, 1980) . Neighbour-joining (NJ) and maximumparsimony (MP) methods in the MEGA5 software (Tamura et al., 2011) were used to construct phylogenetic trees.
Percentage support values were obtained using a bootstrap procedure. The results of phylogenetic analysis of the 16S rRNA gene sequence indicated that both strains were most closely related to Spirochaeta alkalica Z-7491 T (99.6 %) followed by Spirochaeta americana ASpG1 T (99.0 %; NJ tree is shown in Fig. 1 , the maximum likelihood tree is similar to NJ tree, while the difference in the MP tree are shown in Fig 
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JC143 ( 74±2 u C and 68±2 u C for strain JC133 T (JC143), S. alkalica Z-7491 T and S. americana ASpG1 T , respectively.
DNA-DNA hybridization between strains JC133 T , JC143, S. alkalica Z-7491 T and S. americana ASpG1 T was performed by the procedure of Tourova & Antonov (1987) , using a nick translation kit supplied by BRIT. Hybridization was performed with three replications for each sample (as a control reversal of strains was used for binding and labelling). a-P 32 dCTP was used for labelling the probe. DNA immobilized on the blots (nylon membranes) was probed with labelled DNA and then exposed to phosphor imaging screen (Amersham Biosciences). The phosphorimaging screen was scanned and quantified using a Typhoon (3480) variable mode imager. The percentage hybridization was calculated according to the formula: percentage hybridization5(counts obtained from heterologous hybridization/counts obtained from homologous hybridization) 6 100. When strain JC133
T was radioactively labelled, the levels of DNA-DNA relatedness between strain JC143, S. alkalica Z-7491 T and S. americana ASpG1 T were 88 %, 54.9 % and 50.1 %, respectively. However, when JC143, S. alkalica Z-7491 T and S. americana ASpG1 T were labelled and used for DNA-DNA hybridization with JC133
T in the reciprocal reaction, the similarities were 82 %, 53.1 % and 49 %, respectively. Based on the hybridization results, strains JC133
T and JC143 are closely related, while these strains are distinct from S. alkalica Z-7491 T and S. americana ASpG1 T and the hybridization values are within the recommended standards to delineate a bacterial species (Stackebrandt & Goebel, 1994; Stackebrandt & Ebers, 2006) .
Fatty acids and polar lipids of strain JC133 T (JC143), S. alkalica Z-7491 T and S. americana ASpG1 T were analysed from cells grown in alkaline medium. Cells were harvested by centrifugation (10 000 g for 15 min at 4 u C) on reaching a cell density of 70 % of the maximum optical density (100 % 5 OD 540 0.8) and the lyophilized pellet was used for analysis. Cellular fatty acids were methylated, separated and identified according to the instructions for the Microbial Identification System (Microbial ID; MIDI version 6.0; method, RTSBA6) [Sasser (1990) ; revised78; www.midi-inc.com] which was outsourced through Royal Research Laboratories (Secunderabad, India). Whole-cell fatty acid analysis of strain JC133
T revealed that C 18 : 1 v7c was the predominant cellular fatty acid and significant proportions of C 16 : 0 , C 18 : 1 v9c, C 14 : 0 , C 18 : 0 , C 16 : 1 v5c, C 18 : 1 v5c and C 20 : 1 v9c were also detected (Table 1) . Strain JC133 T (JC143) differed from S. alkalica Z-7491 T and S. americana ASpG1 T in the presence of C 18 : 1 v5c, while C 20 : 1 v9c was absent from S. alkalica Z-7491 T .
Polar lipids were extracted from 1 g freeze-dried cells with methanol : chloroform : saline (2 : 1 : 0.8, by volume) as described by Kates (1986 Tindall, 1990a, b; Oren et al., 1996) . Total polar lipids profiles were detected by spraying with 5 % ethanolic molybdophosphoric acid and further characterized by spraying with ninhydrin (specific for amino groups), molybdenum blue (specific for phosphates), Dragendorff reagent (quaternary nitrogen) or a-naphthol (specific for sugars) (Kates, 1972; Oren et al., 1996) . Polar lipids of strain JC133 T (and JC143) include phosphatidylglycerol (PG), diphosphotidylglycerol (DPG), a glycolipid (GL) and four unidentified lipids (L1-4; Fig. S2 ). A few unidentified lipids (L2, L5 and L6) differentiate strain JC133 T (and JC143) from S. alkalica Z-7491 T and S. americana ASpG1 T (Table 1) .
Hopanoids were extracted according to the protocol of Rohmer et al., (1984) and separated on silica gel TLC plate (Kieselgel 60 F254; Merck) using double development with dichloromethane. Total hopanoid profile was detected by spraying 0.1 % barberine chlorohydrate in ethanol and visualizing the plates at 366 nm. Strain JC133 T (and JC143) has bacteriohopane derivative 1 (BHD1), diplopterol (DPL), an unidentified hopane (UH1) and diploptene (DPE) as major hopanoids (Fig. S3) . Strain JC133 T (JC143) differ from S. alkalica Z-7491 T in the absence of bacteriohopane derivative 2 (BHD2) and S. americana ASpG1 T in the presence of DPL (Table 1 ).
The phenotypic characters of strain JC133
T (and JC143), S. alkalica Z-7491 T and S. americana ASpG1 T were characterized according to standard methods. Strain JC133 T and JC143 failed to grow on agar medium, which is in contrast to S. alkalica Z-7491 T and S. americana ASpG1 T which form cotton-ball-like colonies in agar dilutions. Morphological properties such as cell shape, cell size and motility were observed by phase-contrast light microscopy (Olympus 65 BH-2). Cells of the strains JC133 T and JC143 were 0.1-0.3 mm in diameter and 10-20 mm in length with helical shape (Fig. S4) and Gram-stain-negative. Cells of strain JC133 T (JC143) are tightly coiled and were similar to the cells of S. americana ASpG1 T , while S. alkalica Z-7491 T cells were loosely coiled. Cells of all four strains are motile and exhibited the typical helical movement. At the end of the exponential growth phase, cells of JC133 T (and JC143) and S. americana ASpG1 T showed abundant spherical bodies (spheroplasts), along with the living cells (Fig. S4) , while S. alkalica Z-7491 T produced spheroplasts in fewer numbers.
Growth was measured turbidometrically at 540 nm in a colorimeter (Systronics). Strain JC133 T (and JC143) grows at pH range of 8-10 with an optimum at 9.5-10. NaCl was essential for growth [minimum 2 % (w/v)] and the strains can tolerate up to 12 % (w/v) with optimum growth occurring at 5-7.5 %. Optimum growth occurs at 35-37 uC, with a growth range of 15-40 uC. Strain JC133 T (and JC143) requires sodium and carbonate ions for growth, which were tested by replacing these ions with potassium and serine, respectively. On the other hand, chloride ions were not required for growth when replaced by sulphate ions in the medium, but this caused the cells to become straight and non-motile, a phenomenon also observed with S. americana ASpG1 T (Hoover et al., 2003) . The doubling time of strain JC133 T (JC143) at optimal conditions [37 u C, 5 % (w/v) NaCl, pH 9.5] was 6 h.
All four strains (JC133 T , JC143, S. alkalica Z-7491 T and S. americana ASpG1 T ) showed negative reaction for catalase (assayed according to the method of Gerhardt et al., 1981) , indole production (assayed according to the method of Sutter & Carter, 1972) and gelatinase (assayed according to the method of Kleiner & Stetler-Stevenson, 1994) . Growth of the organisms was not dependent on yeast extract, since all strains showed good growth even in its absence. Strain JC133
T and JC143 grew with D-glucose, fructose, yeast extract, peptone, xylose, ascorbate, starch, gelatin, lactate, Casamino acids, citrate and sucrose. No growth was observed with D-mannitol, fumarate, glycolic acid, ethanol, glycerol, succinate, benzoate and acetate. The end products of fermentation were determined by HPLC (LC20AT; Shimadzu). Separation was done on an aminex HPX-87H (Bio-Rad) column with 5 mM H 2 SO 4 as the mobile phase. Hydrogen was measured using a gas chromatograph (Shimadzu) equipped with a molecular sieve 5 Å column and a thermal conductivity detector (nitrogen was the carrier gas; Sasikala et al., 1990) . Production of H 2 was observed with all strains and the fermentation products of strain JC133
T (and JC143) were identified as formate, acetate, lactate and ethanol. The fermentation products of strain JC133
T (are JC143) are different from those observed from S. alkalica Z-7491 T and S. americana ASpG1 T (Table  1 ). All four strains (JC133 T , JC143, S. alkalica Z-7491 T and S. americana ASpG1 T ) were resistant to kanamycin and rifampicin (100 mg ml
21
), but sensitive to gentamicin, T with respect to fermentation products, utilization of D-mannitol, oxygen tolerance, salinity tolerance, presence of significant levels of C 18 : 1 v5c and C 18 : 1 v9c , presence of unidentified polar lipid (L2), absence of L5 and L6 and absence of hopanoid BHD2. The phenotypic differences are also supported by the genotypic distinctiveness (DNA-DNA hybridization) to justify the description of strain JC133 T as representative of a novel species, for which the name Spirochaeta sphaeroplastigenens sp. nov., is proposed.
Description of Spirochaeta sphaeroplastigenens sp. nov.
Spirochaeta sphaeroplastigenens (spha.e.ro.plas.ti.ge9nens. N.L. n. sphaeroplastum spheroplast; L. part. adj. genens producing; N.L. part. adj. sphaeroplastigenens, spheroplastproducing) Cells are motile, helical, 0.1-0.3 mm wide and 10-20 mm long. Cells stain Gram-negative. Spheroplasts are formed at the end of the growth phase and colonies are not produced on agar. Haloalkaliphilic, mesophilic and strictly anaerobic. Catalase, indole production and gelatinase-negative. Growth occurs between pH 8.0 and 10.0 (optimum 9.5-10). Tolerates up to 12 % NaCl with optimum growth at 5.0-7.5 %. Optimum growth occurs at 35-40 u C (range 15-40 uC). Sodium and carbonate ions are required for growth. Preferred substrates for growth are D-glucose, fructose, yeast extract, peptone, xylose, ascorbate, starch, gelatin, lactate, Casamino acids, citrate and sucrose. Growth does not occur with D-mannitol, fumarate, glycolic acid, ethanol, glycerol, succinate, benzoate and acetate. Resistant to kanamycin and rifampicin, sensitive to gentamicin, tetracycline, ampicillin and chloramphenicol. Phosphatidylglycerol (PG), diphosphatidylglycerol (DPG) and glycolipid (GL) are the major polar lipids. A few unidentified polar lipids (L1-4) are also present. Bacteriohopane derivative 1 (BHD1), diplopterol (DPL), an unidentified hopane (UH1) and diploptene are the major hopanoids. C 18 : 1 v7c is the predominant cellular fatty acid. Significant proportions of C 16 : 0 , C 18 : 1 v9c, C 14 : 0 , C 18 : 0 , C 16 : 1 v5c, C 18 : 1 v5c and C 20 : 1 v9c are also present.
The type strain is JC133 T (5KCTC 15220 T 5NBRC 109056 T ). The type strain was isolated from a sediment sample collected from Lonar lake, India. The DNA G+C content of the type strain is 58.2 mol%. An additional strain, JC143, isolated form Lonar lake has similar properties to those of the type strain.
